Five cases of atlanto-axial dislocation (AAD) are reported with emphasis on their clinical presentation and literature is reviewed. The first patient had gross AAD and presented as progressive myelopathy. The second patient had AAD with occipitalization of atlas, Chiari malformation and syringomyelia where headache was the only presenting symptom. The third patient with AAD, had occipitalization of atlas and fusion of cervical second and third (C2-C3) vertebrae. She presented with peculiar sensation over forehead. Detection of pathologically brisk tendon reflexes in the lower limbs and extensor plantar response led to further investigation and diagnosis of the condition. The fourth patient had AAD and advanced spondylotic changes. His symptoms manifested after injury and then progressed gradually leading to quadriplegia. The fifth case presented with nuchal and occipital neuralgia, paresthesia in hands and brisk reflexes. X-ray cervical spine showed unfused, separate but fully developed odontoid process and AAD. All these patients represented congenital AAD.
A tlanto-axial joint (AAJ) is the most complex joint of the body and includes four joints. As this joint is kept stable by only joint capsule and ligaments, it is more prone to dislocation. Acquired AAD commonly develops following acute cervical trauma or due to slow erosion around the joints in, for example, tubercular arthritis,rheumatoid arthritis, ankylosing spondylitis. 4, 5, 17 In addition isolated cases of AAD are also reported in association with Down's syndrome and Mucopolysacharroidosis (e.g. Morquio's syndrome). The craniovertebral junction (CVJ) anomalies constitute an important group of treatable neurological disorders. Congenital atlanto-axial dislocation (CAAD) is the commonest CVJ anomalies encountered in clinical practice. 2, 19, 22, 23, 24, 29 In clinico-radiological practice CAAD accounted for 51.5-68% of all CVJ anomalies. 3, 9, 23 Bell (1930) 1 is credited with the first description of the case. In 1967 Wadia 30 classified them into three groups, (a) CAAD associated with segmental anomalies like occipitalization of atlas and C2-C3 vertebral fusion, (b) CAAD associated with maldeveloped odontoid process, 8 and (c) CAAD without any other anomalies. One of the interesting features of CAAD is its varied clinical presentation 18 and an unpredictable course. During last one year five cases of CAAD were seen at Manipal Teaching Hospital, Pokhara, Nepal. Two of these had multiple CVJ anomalies. Their interesting clinical presentation forms the basis of this communication.
Case Reports
Case 1: This 55-year-old male presented with one and a half year history of gradually progressive weakness and numbness affecting right upper and lower limbs and difficulty in walking. He denied history of pain in the neck, or radicular symptoms, head injury, fever or of vaccination preceding the illness. Clinical examination revealed a relatively short neck, with quadriparesis of 4/5 strengh with upper limbs being weaker than the lower. There was a marked hyperreflexia with anke clonus. Sensory loss (pain and touch) was noted up to C2 level which was noted more on the right side. Romberg's sign was positive. X-Ray of the cervical spine (Figure 1A &B) revealed AAD with the distance between the anterior arch of atlas and odontoid process being14 mm (normal 3mm) and the distance between posterior arch of atlas, 11mm (normal 19mm or more).The dislocation increased with flexion of neck.
Case 2:
This 32-year-old lady presented with complaints of predominantly left sided paroxysmal headache of one month duration. There was no diplopia, vomiting, seizures or loss of consciousness. She denied a history of trauma, fever or ear infection. Family history was negative. Clinical examination revealed an averagely built lady with a normal general physical examination. Neurological examination did not reveal any motor or sensory deficits except for brisk deep tendon reflexes in the lower limbs with extensor plantar response on both sides. X-Ray of the cervical spine ( Figure  2A&B ) revealed occipitalization of atlas and AAD. The spinal canal diameter (i.e. distance between odontoid process and the posterior margin of foramen magnum) was measured to be18 mm on extension and 15 mm on flexion respectively. A magnetic resonance imaging (MRI)of the cervical spine confirmed the diagnosis. In addition it showed the Chiari malformation and syringomyelia ( Figure 2C) . She was referred to neurosurgical center where posterior decompression with posterior orhtodesis was performed . On follow-up after one month she had complete resolution of her headache. .
Discussion
CAAD constitutes an important group of CVJ anomalies frequently requiring emergent decompression and stabilization of joint to prevent morbidity and mortality resulting from compression of neurovascular structures at CVJ. Although present at birth it often manifests at a later date (usually by the third decade) often following trauma. The injury at times may be minor and hence forgotten by the patient. When present, the severity of neurological symptoms and its progression has no relation to the degree of injury sustained by the patient. It is suggested that chronic recurrent trauma during neck movement and during daily activities of living is an important factor for making the illness symptomatic and its sudden aggravation. Because of its varied neurological manifestations and an unpredictable course, CAAD is often misdiagnosed. Its usual manifestation include nuchal pain and stiffness, progressive cervical myelopathy, foramen magnum syndrome or as sudden death due to compression of vital CVJ has important relationship with vertebral arteries and it's branches (i.e. meningeal and anterior spinal arteries), internal and external carotid arteries. The most important is vertebral artery which is tightly held in the transvese foramina of C6-C3 and then runs through a knee shaped bony tunnel in the lateral masses of axis and finally curving around the lateral aspect of atlantoaxial articulation. 12 The inferior cerebellar artery may arise at, above or below the level of foramen magnum. Clinical problems (i.e. vertigo, tinnitus, nausea and visual disturbances) may occur as a result of extreme rotation at C1-C2 articulation. With axial rotation of head in one direction, on the side away from the direction in which head turns, C1 vertebra moves forward in relation to the lateral portion of the axis. The contralateral artery is first affected at 30 0 rotation and it becomes markedly kinked at 45 0 . 21 The unstable AAJ may compress these arteries and patients may present with cerebrovascular accidents involving posterior circulation. Presentation as anterior circulation stroke has also been reported. 31 The reducible AAD results in repeated transient compression at CVJ for variable period resulting in an illness resembling multiple sclerosis or TIAs. Other rare manifestations include presentation as (a) sleep attacks resembling narcolepsy due to interruption of respiratory medullary drive by compression at CVJ, 10 (b) obstructive hydrocephalus due to presence of soft tissue abnormality (i.e. Chiari malformation) and adhesions at CVJ causing obstruction of 4 th ventricular foramina, (c) aphonia, 23 and (d) cervical myelopathy with wasting of hand muscles, attributed to anoxia of cervical spinal cord grey matter due to venous stasis, 27 resembling central cord syndrome and motor neuron disease. Our Case 3 had another rare presentation as peculiar sensory sensations on the forehead related to the affection of lower end of spinal tract of trigeminal nerves which extends up to C2 vertebra and represents the 1 st division (i.e. ophthalmic) of trigeminal nerve.
Many notable workers have immensely contributed towards the radiological diagnosis of these disorders. Preliminary screening requires plain X-ray of cervical spine on flexion and extension. AAD is diagnosed when distance between the anterior arch of atlas and the odontoid process is more than three mm in adult and more than four mm in children or when the width of spinal canal (measured between posterior surface of odontoid process and the posterior arch of atlas or post rim of foramen magnum) is less than 19 mm. 15 When odontoid process is separate or maldeveloped, the above distance can be measured from anterior and posterior edge of body of axis. The CAAD may be irreducible when dislocation distance remains unchanged or reducible when dislocation distance is variable on flexion and extension of neck.
Transverse ligament is 10 mm in thickness. It is attached to the tubercle on the medial side of the lateral masses of atlas. It can withstand a large force. Diagnosis of traumatic AAD is made when patient gives history of injury followed by pain in neck and the distance between arch of atlas and odontoid process is more than three mm or when avulsed bony fragment is seen on CT scan. Diagnosis of mild substance rupture of transverse ligament can also be made on MRI. The rotatory atlantoaxial subluxation can also occur spontaneously or after trauma but the exact mechanism is not known. In these cases, the open mouth anteroposterior (AP) view will show the lateral mass rotated anteriorly and towards the midline. The joint spaces of the lateral mass rotated posteriorly appear to be overlapping the one below. The C2 spinous process is rotated off the midline on AP view. Failure of C1 to reoppose again on left or right rotation indicates a fixed deformity. Rotatory atlanto-axial subluxation is Type 1 if anterior arch and dens distance is three mm 
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and the transverse ligament is intact. This distance is 3-5 mms in Type 2 and more than five mm inType 3 rotatory atlantoaxial subluxations respectively. In Type 4, there is complete posterior displacement of atlas. 26 Computed tomography (CT) scan and MRI are now the investigation of choice. 14, 20 While Spiral CT scan with reconstruction in sagittal and coronal plane offer superior display of the bony anomaly and is excellent for post operative follow up, MRI is sensitive and accurate in demonstration of soft tissue abnormalities, delineate CSF pathways and vascular system can often be evaluated without the need of contrast injection. The recommended MRI sequences are T1 and T2 W spin echo sequences in sagittal plane (to delineate soft tissue and their abnormalities), GRE sequence in sagittal and coronal plane in flexion and extension (for osseous details & demonstration of reducibility) and 3-D time of flight GRE sequences for MRI angiography. The sequences can be done in flexion and extension in sagittal plane as well. The cortical bone is devoid of any signal on all sequences. The medullary cavity shows signals depending upon the type of marrow it contains. Fatty marrow is seen as hyperintense signal in T1WI and slightly hyperintense signal on T2WI while red marrow is hypointense on T1WI and slightly hyperintense on T2WI respectively. Ligaments are hypointense on all sequences. The cord has intermediate signal intensity on both T1 and T2WI and can be easily differentiated. Spiral CT scan with reconstruction in sagittal and coronal plane offer superior display of the bony anomaly and is excellent for postoperative follow up.
The age group of the cases under discussion varied from 32 years to 80 years. Radiological evaluation revealed marked CAAD with distance varying in flexion and extension in all cases. In addition Case2 &3 had assimilation of atlas. While additional soft tissue abnormalities i.e.Chiari malformation and syringomyelia were detected in Case 2. Case 3 had fusion of C 2 and C 3 vertebra. Case 5 had separate odontoid process. The patients under discussion had varied clinical presentation i.e. progressive cervical myelopthy with features of extramedullary compression (Case 1 & 4), headache only (Case-2) and a peculiar burning sensation over forehead and anterior scalp (Case 3). It is only on detection of pyramidal signs in Case-2 & 3 and hyper-reflexia, a cervical pathology was suspected. The presenting feature of paraesthesia over forehead in Case 3 was an interesting feature which may be seen in high cervical compression due to irritation of spinal tract of trigeminal nerve which extend upto C 2 vertebral level and has ophthalmic division representation at its lower end. In Case 4, the symptoms of cervical myelopathy were noted after a fall and then it progressed gradually over a period leading to a bed-ridden stage. As no fracture was detected, the AAD was considered of congenital origin and aggravated by injury. A characteristic feature of these cases was the development of weakness, which is out of proportion to the severity of injury.
Occipitalization of atlas can be complete, partial or symmetrical and may be seen as an isolated abnormality or as part of more complex anomalies with CAAD, basilar invagination, C 2 C 3 fusion, syringomyelia and Chiari malformation. Two of our patients (Case 2 & 3) had occipitalization or fusion or assimilation of atlas in addition to CAAD. While the reported incidence of occipitaliztion of atlas in general population is 0.08-3%, 28 a higher incidence of 38% to 51.5% was observed in patients with CAAD. 3, 24 Occipitalization and C 2 C3 fusion is the commonest association with CAAD and was seen in Case 3. The transverse ligament in this anomaly is either abnormal or absent and is the cause of unstable AAJ and subsequent AAD.
The Case-2, a 32 years lady, had CAAD with occipitalization of vertebra and Chiari malformation and syringomyelia and manifested with nuchal pain and stiffness only. Review of 252 cases of Chiari malformation 16 revealed its association with syringomyelia in 72.3% cases. The majority of patients were in the third decade. There was no sex preponderance. The Chiari syrinx group presented with foramen magnum compression syndrome in 40.3%, central cord dysfunction in 49.1% and cerebellar syndrome in 4.4% cases respectively . Weakness in one or both upper limbs and sensory loss was noted in 65.57% and 78% cases respectively. The most common finding was the hyperreflexia in lower limbs and atrophy of upper limbs .The classical dissociate sensory loss was noted in 30.7% cases only. In contrast, the case under discussion manifested with symptoms of nuchal pain and stiffness, hyperreflexia and an extensor plantar response on both sides. Typical dissociate sensory loss and wasting was not detected despite the presence of a large syrinx.
The CAAD constitutes an emergency requiring prompt decompression, immobilization and stabilization to prevent damage to the vital structures at CVJ. Various approaches are described i.e. posterior decompression and occipitocervical fusion, anterior decompression and anterolateral approach followed by stabilization either by posterior approach or through anterior route itself and additional fixation of lateral masses of atlas and axis. Orthodesis by posterior approach is commonly employed to achieve a stable fusion especially when atlantococcipital instability is present due to occipitalization of atlas and when posterior decompression is needed. When posterior compression is not reducible and there is ventral compression, anterior transoral approach is employed and odontoid process is excised. 5 In situations requiring wider exposure other approaches i.e. transpalatal for approaching anterior rim of clivus for higher basilar invagination and Trans glossal 13 or mandible and tongue splitting approach for the exposure of upper cervical spine for spinal decompression can be used. 11 Anterior approach is followed by stabilization either by posterior approach or through anterior route itself with additional fixation of lateral masses of atlas and axis. 7 Abnormality of somatosensory evoked potential (SSEP) and binaural auditory evoked potential (BAER) are reported in patients with ventral compression. This improves after excision of adenoid process. Evoked potential studies may help in recognizing these patients when basilar invagination is present. 25 Nair, et al., in 1977 16 operated 183 cases of CVJ anomalies with Chiari malformation associated with syrinx with posterior decompression through suboccipital craniotomy. C2 laminectomy was done when tonsilar herniation extended beyond C1 arch. Additional procedures included duroplasty in 113 patients, Gardener's procedure in 44, excision of tonsils in six, ventriculoperitoneal or ventriculoatrial shunt in two, syringosubarachnoid shunt (SSS) in nine patients. Following operation improvement was noted in 26% cases of foramen magnum compression syndrome group and in 24% of central cord syndrome group respectively. Seven patients deteriorated after initial improvement requiring subsequent syringosubarachnoid shunt procedure.
The case under discussion (Case 2) underwent posterior decompression and fusion with improvement in her symptoms of nuchal pain but her neurological examination remained stable. The other four patients were lost to follow up. 
